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Purpose: Clostridium dijficile colitis (CDC) is a nosocomial infection. We attempted to discover the risk factors for the develop- 
ment of CDC in patients admitted to our surgical ward. Viethods: We conducted a retrospective chart review of all patients 
admitted to our surgical ward between January 2010 and July 2011. CDC was confirmed when toxin A/B or toxin B polymer- 
ase chain reaction was detected in the stool and clinical symptoms, such as diarrhea, were present. We divided patients into 
the CDC and non-CDC groups, and compared the clinical features between the two groups. Results: The rate of CDC occur- 
rence was 0.4% (19/4,720 patients). Univariate analysis showed that colectomy (P < 0.001), hospital stays longer than 10 days 
(P < 0.001), aged over 55 years (P < 0.001) and transfer from medical ward (P= 0.009) were significant parameters for CDC. 
Multivariate analysis showed that colectomy (P < 0.001; odds ratio [OR], 8.405; 95% confidence interval [CI], 2.927 to 24.132) 
and hospital stays longer than 10 days (P = 0.035; OR, 10.253; 95% CI, 1.176 to 89.392) were high risk factors for CDC occur- 
rence in the surgical ward. Conclusion, The risk factors for CDC in a surgical ward could be colectomy and a long duration of 
hospitalization. Therefore, clinicians should consider the possibility of CDC when patients undergo colectomy, are admitted 
for a long time, and have postoperative diarrhea. 
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INTRODUCTION 

Clostridium difficile colitis (CDC) is a nosocomial in- 
fection caused by toxins produced by unopposed pro- 
liferation of the bacterium C. difficile [1]. Antibiotic therapy 
alters the colonic flora and allows C. difficile to flourish. All 
inpatients who have received antibiotics are at risk of C. 
difficile infection. The infection route of C. difficile is fecal to 



oral. Outside of the surgical ward, the C. difficile bacterium 
can persist in the form of heat-resistant spore for months 
or years [2]. Therefore, environmental contamination with 
C. difficile spores in hospitals increases the incidence of 
CDC. 

During the early and mid 2000s, the reported incidence, 
severity and mortality of C. difficile infection increased in 
the United States. This increase may be due to the emer- 
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gence of virulent strains [3]. Although a previous study re- 
ported that the incidence of CDC has increased in Korea, it 
is not certain whether or not the cause is due to new strains 
[4]. It has been demonstrated that increasing use of anti- 
biotics is a reason of an increased incidence of CDC in 
Korea [5]. Not all patients who are exposed to C. difficile 
spores do develop CDC [6]. We attempted to find out the 
risk factors for the development of CDC in patients admit- 
ted to the surgical ward. We hypothesized that specific 
risk factors for CDC might be in the surgical ward. 

METHODS 

We conducted a retrospective chart review of all pa- 
tients admitted to surgical ward of Hallym University 
Sacred Heart Hospital between January 2010 and July 
2011. The surgical ward is composed of 1 nursing station 
and 80 beds on 1 floor. The surgical ward was mostly occu- 
pied by patients who needed abdominal and thoracic 
surgeries. If some beds are unoccupied, patients from oth- 
er departments are also admitted. 

We divided patients into the CDC and non-CDC 
groups. We compared age, sex, admission duration, pri- 
mary disease, leukopenia and whether or not the patient 
was transferred from the medical ward between the 2 
groups. 

CDC was confirmed when toxin A/B or toxin B gene was 
detected in the stool and clinical symptoms, such as diar- 
rhea, were present. Toxin A/B were examined using en- 
zyme-linked fluorescent immunoassay (VIDAS, bio- 
Merieux sa, I'Etoile, France) and B gene were detected us- 
ing the polymerase chain reaction (PCR) assays (Master 
Cycler, eppendorf, Hamburg, Germany) for B genes in C. 
difficile isolates that grew from the stool cultures. The in- 
struments for the toxin A/B and PCR assays were not 
changed from 2006 to 2011. When the test for toxin A/B 
was equivocal but clinical symptoms were present, the pa- 
tient was also classified as part of the CDC group. The 
non-CDC group was defined as a group of patients who 
did not have diarrhea or had diarrhea with a negativity for 
toxin A/B. When the same patients were admitted several 
times due to postoperative complications or chemo- 



therapy, they were considered new cases because their sta- 
tuses were different from previous admissions. 

Statistical analysis 

The independent t-test was used for continuous varia- 
bles and the chi-square test was used for categorical varia- 
bles in order to identify statistically significant associa- 
tions between the non-CDC and CDC groups. The Fisher 
exact test was used to analyze the results of the smaller 
sample sizes. Logistic regression analysis was used to de- 
termine the net effects of each independent variable while 
controlling for other variables. A 95% confidence interval 
(CI) was used to quantify the relationship of risk factors. A 
P-value of < 0.05 was considered statistically significant. 



Table 1. The number of occurrence of Clostridium difficile colitis 
(CDC) in surgical ward 



Year 


No. of occurrence of 
CDC 


No. of patients in 
surgical ward 


2006 


1 


2,656 


2007 


1 


2,705 


2008 


0 


2,664 


2009 


1 


2,718 


2010 


6 


2,987 


January 


0 


249 


February 


2 


218 


March 


1 


239 


April 


0 


247 


May 


0 


257 


June 


0 


239 


July 


0 


273 


August 


0 


242 


September 


2 


245 


October 


1 


250 


November 


0 


247 


December 


0 


281 


2011 


14 


3,025 


January 


0 


240 


February 


0 


241 


March 


0 


239 


April 


4 


235 


May 


3 


244 


June 


5 


277 


July 


r> 


255 


August 


0 


238 


September 


0 


280 


October 


0 


276 


November 


0 


248 


December 


1 


252 



Surgical ward was sterilized in July 2011. 
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and 14 in 2011. The rate of CDC occurrence suddenly in- 
creased between January 2010 and July 2011 (Table 1, Fig. 
1). A total of 4,720 patients were admitted to the surgical 
ward during this period. The non-CDC group consisted of 
4,701 (99.6%) and the CDC group consisted of 19 (0.4%) 
patients. All 19 patients in the CDC group had been man- 
aged by antibiotics before the onset of CDC. None of the 
patients who did not receive antibiotics were infected by 
C. difficile (n = 1,548, 32.8%, P < 0.001). The mean age of the 
patients was older in the CDC group than in the non-CDC 
group (66.7 ± 13.6 vs. 47.3 + 19.2, P < 0.001). The mean du- 
ration of hospitalization was longer in the non-CDC group 
than in the CDC group (9.4 ± 9.6 vs. 20.6 ± 9.7 days, P < 
0.001). There was no significant difference in duration of 
antibiotic use between the 2 groups. The duration of anti- 
biotic use were 2.8 ± 2.5 days in the non-CDC group and 3.0 
+ 2.1 days in the CDC group (P = 0.710). The therapeutic 



Table 2. Univariate analysis of risk factors for Clostridium difftcle colitis (CDC) in patients admitted to surgical ward 


Variable 


Total 


Non-CDC 


CDC 


P-value 


Age (yr) 




47.3 ± 19.2 


66.7 ±13.6 


< 0.001 


<55 


3,085 (65.4) 


3,082 (99.9) 


3(0.1) 


< 0.001"' 


^55 


1,635 (34.6) 


1,619 (99.0) 


16 (1.0) 




Hospital days (day) 




9.4 ±9.6 


20.6 ±9.7 


< 0.001 


<10 


3,194 (67.7) 


3,193 (100) 


1(0) 


<0.001''' 


>10 


1,526 (32.3) 


1,508 (98.8) 


18 (1.2) 




Duration of antibiotics use (day) 




2.8 ±2.5 


3.0 ±2.1 


0.710 


Antibiotics 








0.001"' 


No use 


1,548 (32.8) 


1,548 (100) 


0(0) 




Use 


3,172 (67.2) 


3,153 (99.4) 


19 (0.6) 




Gender 








0.954 


Male 


1,769 (37.5) 


1,762 (99.6) 


7 (0.4) 




Female 


2,951 (62.5) 


2,939 (99.6) 


12 (0.4) 




Treatment method 








0.001"' 


Medicine 


1,977 (41.9) 


1,976 (99.9) 


1 (0.1) 




Surgery 


2,743 (58.1) 


2,725 (99.3) 


18 (0.7) 




Leukopenia (ANC <500) 








1.000"' 


Absence 


4,550 (96.4) 


4,531 (99.6) 


19 (0.4) 




Presence 


170 (3.6) 


170 (100) 


0(0) 




Transfer from medical ward 








0.002 


Absence 


4,239 (89.8) 


4,226 (99.7) 


13 (0.3) 




Presence 


481 (10.2) 


475 (98.8) 


6(1.2) 




Colectomy 








< 0.001 


Absence 


4,415 (93.5) 


4,409 (99.9) 


6(0.1) 




Presence 


305 (6.5) 


292 (95.7) 


13 (4.3) 





Values are presented as mean ± SD or number (%). 
ANC, absolute neutrophil count. 
"'The Fisher exact test was used. 



RESULTS 

The numbers of occurrences of CDC in the surgical 
ward were 1 in 2006, 1 in 2007, 0 in 2008, 1 in 2009, 6 in 2010, 




2006 2007 2008 2009 2010 2011 



Years 

Fig. This figure shows the control chart of Clostridium difficile 
colitis rate per patient. SD, standard deviation. 
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use of metronidazole or oral vancomycin for CDC was not 
included in the duration of antibiotic use. Of all patients, 
1,977 (41.9%) were managed conservatively without sur- 
gery and 2,743 patients (58.1%) were managed by surgery. 
The diseases of the patients managed conservatively at the 
surgical ward were postoperative complications (adhesi- 
ve ileus or surgical site infection), enteritis and diseases as- 
sociated with the medical division. Of the 19 patients in 
the CDC group, 18 (94.7%) underwent surgeries. Only 1 
patient of the conservatively managed patients showed 
CDC (P < 0.001). This patient was admitted due to ileus 
and improved without any surgery. After the ileus im- 
proved, the patient had diarrhea and was diagnosed with 
confirmed CDC (Table 2). 

Eighteen patients in the CDC group were scheduled for 
operations. None of them had emergency operations. 
They all received prophylactic antibiotics for 2 to 3 days 
during the perioperative period. Of these patients, 2 re- 
ceived additional antibiotics for 7 and 10 days, respec- 
tively, due to surgical site infection, and 1 received addi- 
tional antibiotics for 5 days due to urinary tract infection. 
In cases of scheduled colectomy, we performed bowel 
preparation with 4 L of polyethylene glycol and oral met- 
ronidazole before operation. 

We also analyzed relationships between operation 
types and CDC in patients with operation. Although mas- 
tectomy and thyroidectomy were most frequently per- 



Table 3. The relationships between operation types and Clostri- 
dium difficile colitis (CDC) 



Performed operation 


Total 


Non-CDC 


CDC P-value 


Breast & thyroid 


680 (24.8) 


680 (25.0) 


0(0) < 0.001 


Chest surgery et al."' 


613 (22.3) 


612 (22.5) 


1 (5.6) 


Appedectomy 


434 (15.9) 


434 (15.8) 


0(0) 


Colectomy 


305 (11.1) 


292 (10.7) 


13 (72.2) 


Hemiorraphy 


203 (7.4) 


203 (7.4) 


0(0) 


Cholecystectomy 


163 (5.9) 


163 (6.0) 


0(0) 


Gastrectomy 


129 (4.7) 


128 (4.7) 


1 (5.6) 


Small bowel resection 


83 (3.0) 


81 (3.0) 


2(11.1) 


Proctology 


71 (2.6) 


71 (2.6) 


0(0) 


Hepatobiliary 


62 (2.3) 


61 (2.2) 


1 (5.6) 


pancrease 



Values are presented as number (%). 

*'lt included chest associated operations and other minor opera- 
tions except for above mentioned operations. 



formed, CDC was most frequently occurred in patients 
with colectomies (P < 0.001) (Table 3). Among these pa- 
tients, the incidence of CDC was 4.3% (Table 2). All pa- 
tients were also classified into 2 distinct categories: the co- 
lectomy group and non-colectomy groups. The incidence 
of CDC was significantly higher in the colectomy group 
than in the non-colecotmy group (P < 0.001). 

The patients undergoing chemotherapy sometimes 
showed leukopenia and had absolute neutrophil counts 
below 500. The 170 patients (3.6%) with leukopenia wore 
masks and consumed sterile foods. None of them had 
CDC. 

During the survey period of 19 months, 0.9% (531/ 
55,889) of patients showed CDC in Hallym University 
Sacred Heart Hospital, including the medical ward. Of 
these 531 patients, 197 (37.1%) had CDC in the medical 
ward comprising 3 floors, and 19 (3.6%) had CDC in the 
surgical ward comprising only 1 floor. The incidence of 
CDC was lower at the surgical ward than at the medical 
ward. The patients who were transferred from the medical 
ward after surgery showed a higher incidence of CDC 
than the other patients (6/481 [1.24%] vs. 13/4329 [0.3%], P 
= 0.009). There was no significant difference in the gender 
ratio of between these 2 categories. 

We converted continuous variables, such as age and 
hospital days, to categorical ones for multivariate analysis. 
Age was differentiated at 55 years, the median value of the 
2 groups. We performed multivariate analysis with sig- 

Table 4. Multivariate analysis of risk factors for Clostridium difficile 
colitis in patients adinitted to surgical ward 



Variable Odds ratio (95% CI) P-value 



Colectomy 




< 0.001 


Absence 


1 (reference) 




Presence 


8.405 (2.927-24.132) 




Hospital days (day) 




0.035 


<10 


1 (reference) 




>10 


10.253 (1.176-89.392) 




Age (yr) 




0.059 


<55 


1 (reference) 




>55 


3.478 (0.956-12.657) 




Transfer from medical ward 




0.803 


Absence 


1 (reference) 




Presence 


1.136 (0.417-3.098) 





CI, confidence interval. 
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nificant variables obtained from univariate analysis. 
Multivariate analysis showed that colectomy and hospital 
stays longer than 10 days were high risk factors for CDC 
occurrence in the surgical ward. Age greater than 55 years 
and transference from the medical ward were not im- 
portant factors for CDC in the surgical ward (Table 4). 

DISCUSSION 

The incidence of CDC has increased [3-6]. In the last 19 
months, we experienced an abrupt increase in the occur- 
rence of CDC in the surgical ward. The reason may be that 
this increase on surgical ward would be attributable to en- 
vironmental contamination of the surgical ward with C. 
difficile spores. C. difficile spores can be transferred though 
items in common use. The surgical ward of our hospital 
was composed of 1 floor, 1 nursing station and the main 
aisle in the center. All patients were exposed to the same 
aisle, 2 public toilets, the same dressing carts and the same 
meal delivery carts. After recognizing increase in occur- 
rence, we sterilized the surgical ward with disinfectants 
containing chlorine and emphasized the importance of 
washing hands with soap and water. After that, we did not 
experience further CDC cases for 4 months. It is well 
known that washing hands is more effective for the pre- 
vention of CDC than alcohol disinfectants because spores 
can tolerate alcohol [7]. It is important to prevent CDC 
through environmental decontamination and to minimize 
opportunities for cross-infection through hand hygiene 
and barrier precautions [8,9]. 

It has been shown that gastrointestinal surgery is a sig- 
nificant risk factor for the development of CDC [10-12]. 
Our result also showed that most patients with CDC had 
undergone gastrointestinal surgeries and most were co- 
lectomies (16 gastrointestinal surgeries, 1 hepatobiliary 
surgery and 1 chest surgery). Taslim [11] has demon- 
strated that preoperative bowel preparation, oral pre- 
operative antibiotics, prolonged postoperative systemic 
antibiotic therapy and impaired bowel motility secondary 
to ileus increase the infection rate of C. difficile. Wren et al. 
[13] have suggested that preoperative oral antibiotics in 
colorectal surgery increase the incidence of CDC. In our 



study, since most cases of CDC occurred after colectomy, 
we believe that environmental changes within the colon 
may be important in the occurrence of CDC in patients 
with gastrointestinal surgeries. We performed bowel 
cleansing with 4 L of polyethylene glycol before the oper- 
ation day as well as oral metronidazole for 2 days before 
the operation to prepare colecotmy. During the colectomy, 
we also irrigated the lumen of the bowel at an approximate 
length of 5 cm with a diluted betadine solution through 
both cut lumens or the anus. Povidone-iodine irrigation 
can prevent surgical site infection [14]. Such procedures 
for decreasing colonic bacteria and stool may change the 
normal flora, and allow C. difficile to settle and colonize in 
the gut, subsequently causing CDC. 

Krapohl et al. [15] have reported that mechanical bowel 
preparation is not a risk factor for C. difficile infection after 
colecotmy. In the same study, they also stated that the use 
of preoperative oral antibiotics is not statistically sig- 
nificant in C. difficile infection. Morotomi et al. [16] have 
documented that oral intake of a polyethylene glycol-elec- 
trolyte lavage solution does not affect the intestinal 
microflora. They also described that preoperative bowel 
preparation with the lavage solution might not alter the 
normal flora of the colon. Our results showed that the co- 
lectotmy was an important high risk factor for CDC. 
Considering our abrupt increase in the rate of CDC during 
a short period, it is conceivable that all inpatients on the 
surgical ward may have been exposed to C. difficile spores 
due to environmental contamination. Although previous 
studies have reported a generally increased incidence, 
they have not shown such an abrupt increase within such 
a short period. In addition, the environmental condition 
might be different among institutions. Intra-operative 
procedures, such as bowel irrigation, have not been men- 
tioned in previous reports. These differences might also 
affect C. difficile infection and its incidence. 

The postoperative recovery time of the motility of the 
colon is about 3 to 5 days and that of the small bowel is 
within 24 hours [17]. Paralytic ileus is associated with al- 
terations in the intestinal flora and overgrowth of bacteria 
[18]. During postoperative ileus, C. difficile can colonize in 
the colon unless the colon is washed out. It is believed that 
upper gastrointestinal or hepatobiliary operations with a 
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rapid recovery time of bowel motility show lower in- 
cidences of CDC than colectomies. 

Many previous studies have suggested that old age is an 
independent risk factor for CDC. Karlstrom et al. [19] and 
Yeom et al. [20] have reported that ages ^60 years showed 
a high incidence of CDC. Lee et al. [21] have reported that 
ages ^ 70 years are an independent risk factor in multi- 
variate analysis. They also explained that the increased in- 
cidence is related to a decrease in immunity through the 
aging process and an increase in the incidence of under- 
lying disease. Our study showed that ages ^ 55 years were 
statistically not significant in multivariate analysis. Unlike 
previous studies, colectomy was included in our analysis. 
Further studies are warranted to confirm this issue. 

Long hospitalizations have been reported to be an in- 
dependent risk factor for CDC in many studies [21-23]. 
Postoperative complications, such as ileus, deep surgical 
site infection, leakage or urinary tract infection, can pro- 
long hospitalization. The additional antibiotics admini- 
stered due to infection may increase the incidence of CDC 
[11]. However, Metzger et al. [24] have shown that addi- 
tional antibiotics do not increase CDC. It is thought that 
prolonged hospitalization may increase the chances of ex- 
posure to C. difficile spores and the incidence of CDC. 

The robust antitoxin immune response counteracts tox- 
ins A and B released by pathogenic strains [25]. Immnuno- 
compromised patients undergoing posttransplantation 
medication, chemotherapy or human immunodeficiency 
virus infection show more than 30% increase in the in- 
cidence of CDC [26]. In contrast, our study showed that 
none of the patients with leukopenia had CDC. Our pa- 
tients with leukopenia were protected from exposure to C. 
difficile spores because they were asked to wash out their 
hands and wear a mask. They ate only sterile foods and 
were prohibited from eating food several from the outside. 
Isolation strategies can protect immunocompormised pa- 
tients from CDC. 

We considered transference from a medical ward as a 
risk factor because the incidence of CDC was higher than 
on a surgical ward. Although transference from the medi- 
cal ward seemed to be a risk factor for CDC infection in 
univariate analysis, it was not an independent risk factor 
in multivariate analysis. Vesta et al. [27] have reported that 



the ward type is not a risk factor for C. difficile-assocmted 
diarrhea. It is believed that the high incidence of CDC in 
the medical ward may be due to the more frequent labo- 
ratory tests in that ward. When patients with gastro- 
intestinal surgeries have diarrhea in the early stages of re- 
covery, clinicians sometimes regard the symptom as part 
of the course of recovery and do not perform C. difficile tox- 
in tests. Early postoperative diarrhea may be a symptom 
of CDC. CDC patients with mild diarrhea may not require 
any treatments other than the discontinuation of antibiotic 
therapy [2]. In our study, most patients with gastro- 
intestinal surgeries received prophyalatic antibioitics for 2 
or 3 days during the perioperative period. It is possible 
that patients with mild CDC could recover without any 
treatment after discontinuation of antibiotics. Therefore, 
we may not have included the patients with mild CDC in 
the study. If we performed tests for toxins A and B in all 
postoperative patients, our incidence of CDC may have 
increased. 

In conclusion, the results of this study suggest that the 
risk factors for CDC in a surgical ward could be colectomy 
and the longer duration of hospitalization. Therefore, 
clinicians should consider the possibility of CDC when pa- 
tients undergo colectomy, are admitted for a long time, 
and have postoperative diarrhea. Early detection of CDC 
helps manage such patients appropriately. It is very im- 
portant to ensure the cleaning and disinfection of the 
equipment, to keep the environment clean and to empha- 
size hand hygiene for the prevention of CDC. 
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